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Abstract: Climate variability coupled with land use and land cover changes have resulted in signifi-
cant changes in forest reserves in Ghana with major implications for rural livelihoods. Understanding
the link between climate variability, land use and land cover changes and rural livelihoods is key for
decision-making, especially regarding sustainable management of forest resources, monitoring of
ecosystems and related livelihoods. The study determined the extent to which climate variability
drives land cover changes in the Bobiri forest reserve, Ghana. Landsat images from 1986, 2003, 2010
and 2014 were used to evaluate land cover changes of the Bobiri forest reserve in Ghana. Participa-
tory research approaches including household questionnaire surveys, focus group discussions and
key informant interviews were conducted in four fringe communities of the Bobiri forest reserve.
Findings showed that local people perceived changes in rainfall and temperature patterns over the
past years. Historical rainfall and temperature data for the study area showed increased variability
in rainfall and an increasing temperature trend, which are consistent with the perception of the
study respondents. Analysis of land cover satellite images showed that there has been significant
transformation of closed forest to open forest and non-forest land cover types over the 28-year period
(1986–2014), with an overall kappa statistic of 0.77. Between 2003 and 2014, closed forest decreased by
15.6% but settlement/bare ground and crop land increased marginally by 1.5% and 0.9%, respectively.
Focus group discussions and key informant interviews revealed that increased land cover changes
in the Bobiri forest reserve could partly be attributed to erratic rainfall patterns. Other factors such
as logging and population growth were reported to be factors driving land cover changes. The
study concluded that the Bobiri forest reserve has witnessed significant land cover changes and
recommended that alternative livelihood sources should be provided to reduce the direct dependency
of fringe communities on the forest for livelihood and firewood.
Keywords: West Africa; food security; climate variability; farming communities; urbanization; Ghana
1. Introduction
Globally, climate change and variability have received considerable research attention
due to their adverse impacts on livelihoods especially in sub-Saharan Africa (SSA), where
adaptive capacity is low [1]. The Intergovernmental Panel on Climate Change (IPCC) [2]
revealed that some countries in SSA face dry conditions that make agriculture demanding,
and climate change is likely to decrease growing seasons, as well as force large regions
of marginal agricultural potential out of production. Climate variability and extreme
events have the potential to affect both natural and modified forests [3]. Lucier et al. [4]
reported that, many changes in forests have been caused by recent global warming. It
has been projected that future climate changes and their concomitant effects are expected
to have adverse effects on forests [3]. Some of the effects include: observed shifts in
vegetation distribution and increased mortality of trees as a result of heat and droughts in
forests worldwide [5,6]. These effects will have significant repercussions on food security
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and related livelihoods in SSA, particularly in Ghana where agriculture is predominantly
rain-fed [7–9].
Farming is the dominant livelihood in the forest zone of Ghana [10]. Most of these
farming practices entail the management and integration of trees, food crops and/or
livestock and hence are agroforestry by definition [11]. Other livelihood options available to
forest dependent communities in Ghana are: sale of non-timber forest products (including
snails, mushrooms, canes, raffia and leafy vegetables), beekeeping, livestock rearing,
artisanal milling, charcoal production etc. [12]. However, according to Mckeown [13],
the livelihood strategies of forest dependent communities in Ghana are still linked to
illegal chainsaw milling practices. This is partly due to structural flaws in the system
(e.g., inequitable land and tree tenure and corruption) [13].
In Ghana, rural livelihoods are negatively affected by land use and land cover
changes [14]. Grasslands are gradually becoming widespread in forest communities in
Ghana due to a number of reasons including bush burning, rearing of ruminants, popula-
tion growth and timber logging [15]. Deforestation rates have increased over the past two
decades in Ghana with significant impacts on rainfall, temperature and livelihoods [12].
For instance, Ghana lost a mean of 135,000 hectares (ha) of forest for each year for the
period 1990 to 2000 [16]. Ghana’s forests further reduced by 115,000 ha for the period 2000
to 2005 [16]. In total, Ghana lost 26% of its forest cover between 1990 and 2005 [16]. The
outcomes of the reduction of closed forests to grasslands and other land use types have
been a dramatic change in climate and evolution of strategies to sustain livelihoods in
forest-dependent communities.
Bobiri forest reserve is found in the Ashanti region of Ghana and is administered by
the Forestry Research Institute of Ghana (FORIG). According to FORIG [17], the reserve
supplies significant value, including the non-timber reserve supplies as well as timber
products and fodder. It serves the purpose of ecotourism (i.e., serves as a butterfly sanctu-
ary). Furthermore, the reserve gives the chance to acquire an in-depth knowledge of the
environment as well as the opportunity to get educated on new cultures. However, the
forest reserve has seen some form of forest fragmentation lately due, primarily, to both
legal and illegal timber exploitation and arable crop farming [17]. Similarly, Addo-Fordjour
and Ankomah [18] identified bushfires, illegal logging, and gathering of fuel as factors
affecting the fast reduction of closed-canopy forest in Bobiri forest reserve.
Studies have been conducted in the past regarding land use and land cover changes in
Ghana. For instance, Antwi-Agyei et al. [14] highlighted the dangers from urbanisation to
land cover changes and identified the key drivers of land use change in the Owabi reservoir
catchment. Similarly, Osei et al. [19] also examined the impact of climate and land use
changes on the hydrological process of the Owabi catchment. Urbanization has also been
implicated in land use changes in the Achimota forest reserve, an urban tropical forest
in Accra [20]. These studies document impressive evidence on land use and land cover
(LULC) changes in Ghana. However, evidence on how climate variability drives LULC
changes in forest communities has received limited research attention. Therefore, this
paper addresses the research gap by determining the extent to which climate variability
drives livelihoods and land cover changes of communities on the fringes of Bobiri forest
reserve. The study objectives were: (i) to explore the perception of fringe communities
of the Bobiri forest reserve on rainfall and temperature changes; (ii) to assess the extent
of rainfall and temperature changes in the Bobiri forest reserve for the period 1960–2016;
(iii) to determine the extent of land cover changes in the Bobiri forest reserve for the period
1986–2014; and (iv) to assess the perceived factors driving land cover changes in the Bobiri
forest reserve.
Findings from this study will provide useful information to aid policy makers in
devising appropriate policies to improve rural livelihoods in forest-fringe communities.
A more profound comprehension of the interconnection between climate variability, land
use and land cover changes and rural livelihoods is also key for taking decisions especially
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regarding sustainable management of forest resources, monitoring of ecosystems and
related livelihood dynamics [14,21].
2. Materials and Methods
2.1. Description of Study Area
Bobiri forest reserve is together overseen by fringe communities of the forest and
FORIG. According to Djagbletey [22], about a quarter of the forest has been laid to one side
and is being used for forest research by the Forestry Research Institute of Ghana (FORIG).
Bobiri forest reserve was created in its unspoilt state in 1939, yet from that point forward, it
has encountered different types of human interferences. Bobiri forest reserve lies between
latitude 6◦40′ and 6◦44′ north of the Equator and on longitudes 1◦15′ and 1◦22′ west of the
Greenwich meridian (Figure 1). The entire area of the reserve for tourism is 54.6 square
kilometers, and forms part of the Juaso forest reserve district of the Ashanti region.
Addo-Fordjour and Ankomah [18] reported that the reserve lies in the tropical moist
semi-deciduous southeast forest zone of Ghana. The forest reserve is the nearest reserve to
Kumasi in the Ashanti region. Annual rainfall in the forest varies between 1200 and 1750
mm, and the main dry season lasts from December to March with a shorter dry season
in August. Rainfall in the forest is bimodal with two rainy seasons: March to June and
September to November.
Four communities surrounding the forest reserve were purposively selected. The
study communities were chosen as a result of the details obtained from native people
on their dependence on products or resources from the forest. The natives are people
from the fringe communities who share collective ancestral ties to the forest lands and the
natural resources. The natural resources and lands on which they rely on are inevitably
connected to their livelihoods. A sample of these natives were interviewed to determine
how much these communities depended on the forest reserve. Thus, the communities
that were selected were Konfradae, Dwabenymma, Krofofrom and Kubease (Figure 1). In
each community, households were randomly selected by ballot and each household was
allocated a ballot paper. A total of 100 households were selected from each of the four
fringe communities. This was done to achieve a sample size of 400 respondents intended
for this study. Table 1 shows the characteristics of the study communities.








Konfradae 0.86 Food crop and tree crop farming Ashanti 100
Dwabenymma 0.90 Food crop farming Ashanti 100
Krofofrom 1.53
Food crop farming and
poultry/livestock farming
Ashanti 100





Forests 2021, 12, 278 4 of 24
Figure 1. Map of Bobiri forest reserve showing the study communities.
2.2. Research Design and Analysis
The study combined Landsat satellite images together with mixed-method participa-
tory approaches to understand the effects of LULC changes on livelihoods in the selected
study communities. Time series analysis, a statistical methodology appropriate for lon-
gitudinal research design, was adopted to determine the trend in mean annual rainfall
and temperature for the period 1960–2016. In addition, cross-sectional design was used
to explore the perception of fringe communities to climate change and variability. A
cross-sectional study design is where variables are measured or determined at the same
time in a given population [23]. According to Alexander et al. [23], the cross-sectional
survey is useful for assessing the knowledge, beliefs, attitudes and practices of a population
regarding a particular event or phenomenon.
2.2.1. Trend Analysis of Rainfall and Temperature
The nonparametric Mann–Kendall trend test was used for trend analysis while Sen’s
slope estimator was used to evaluate the magnitude of the trend [24,25]. This test was
used to analyze the rainfall and temperature data collected over time for consistently
increasing or decreasing trends in the rainfall and temperature values. The test establishes
two hypotheses: the null and alternate hypothesis. The null hypothesis assumes that
there is no significant trend in the time series and the alternate hypothesis assumes the
opposite. Autocorrelation was taken into account using the Hamed and Rao method [26].
The advantages of using this test are that (1) it is nonparametric (i.e., it does not require
the data to be normally distributed); (2) it is less sensitive to outliers (extraordinarily high
values within time series data); and (3) it is the most robust as well as suitable for detecting
trends in rainfall and temperature. This method has been used in the past in hydrological
and climatological studies to determine the extent of change of climatic variables [27–29].
The Mann–Kendall trend test following Gilbert [30] is calculated as follows:
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sgn (xj−xk) is an indicator function that takes on the values 1, 0, or −1 according to
the sign of sgn (xj−xk), that is,
sgn (xj− xk) = 1 → i f xj−xk > 0
sgn (xj− xk) = 0 → i f xj−xk = 0
sgn (xj− xk) = −1 → i f xj−xk < 0
where xj and xk are the sequential rainfall or temperature values in months j and k (j > k)
respectively. A positive value is an indicator of increasing trend and a negative value is an
indicator of decreasing trend. In the equation, X1, X2, X3 . . . Xn represents ‘n’ data points
(monthly), where XJ represents the data point at time J. Then the Mann–Kendall statistic (S)









sgn (xj − xk)
where
sgn (xj− xk) = 1 → i f xj−xk > 0
sgn (xj− xk) = 0 → i f xj−xk = 0
sgn (xj− xk) = −1 → i f xj−xk < 0








qk (qk − 1)(2qk + 5)],
where p is the total number of tie groups in the data, and qk is the number of data points
contained in the k-th tie group.
Trends considered at the study area were tested for significance. A normalized
test statistic (Z-score) was used to check the statistical significance of the increasing or
decreasing trend of mean precipitation and temperature values. The trends of temperature
were determined and their statistical significance was tested using the Mann–Kendall trend





→ i f , S > 0





→ i f , S < 0
Hypothesis testing: Ho = µ = µo means there is no significant trend/stable trend in the
data and Ha = µ−µo means there is a significant trend/unstable trend in the data. −Z1−α/2
≤ Z ≤ Z1−α/2 accepts the hypothesis or else rejects the null hypothesis. Powerfully
increasing or decreasing trends indicate a higher level of statistical significance [31].
The variability in annual rainfall and temperature in the study area was estimated
using the coefficient of variation [32]. The coefficient of variation was estimated by dividing






where σ = standard deviation and µ = mean.
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2.2.2. Image Acquisition
Landsat images with little or no cloud cover for the years 1986 (Landsat 5), 2003 (Landsat
7), 2010 (Landsat 7) and 2014 (Landsat 8) were downloaded from the United States Geological
Survey (USGS) Global Visualization Viewer (GLOVIS) website (https://glovis.usgs.gov/).
The cloud cover information (a percentage) for each image was obtained from the metadata
on the same website. Landsat images were used for this work because of their long coverage
of the earth surface which spans from the 1970s to date, their availability (open source) and
spatial resolution (30 m) making them suitable for land cover classification [33]. Landsat
images come in tiles and each tile is identified by its path and row number which is unique.
The Landsat tile that covers the study area for this work has the path and row number of
194 and 055 respectively. The Landsat images were downloaded as zip files and therefore
program software, WinRAR, was used to extract them into their various bands and stored
for further analysis. Table 2 provides further details of the Landsat images used.
Table 2. Details of Landsat images and the various bands.
Landsat Image Sensor Number of Bands Date
Landsat 5 Thematic Mapper (TM) 7 1986-01-11
Landsat 7 Enhance Thematic Mapper Plus (ETM+) 9 2003-02-19
Landsat 7 Enhance Thematic Mapper Plus (ETM+) 9 2010-02-06
Landsat 8 Operational Land Imager (OLI) 11 2014-12-26
The community and road shape files were obtained from the Center of Remote Sensing
and Geographic Information System (CERSGIS), University of Ghana and Department of
Feeder Roads, Ghana respectively. The study area boundary was arbitrarily developed
using the “editing toolset” in ArcGIS 10.3 to cover the communities (i.e., Konfradae,
Dwabenymma, Krofofrom and Kubease) involved in this study which span from longitude
1◦23′32.405′′ west (W) and latitude 6◦44′42.28′′ north (N) to longitude 1◦11′26.458′′ W and
latitude 6◦35′32.599′′ N.
2.2.3. Image Preprocessing
Before using the satellite images, preprocessing was done. The preprocessing involved
radiometric correction, geometric correction and atmospheric correction. Radiometric
correction was done to reduce or correct errors in the digital numbers of image. The process
improved the interpretability and quality of remote sensed data. Geometric correction was
done to compensate for the distortions and ultimately produce a corrected image with a
high level of geometric integrity. Furthermore, the atmospheric correction was done to
determine true surface reflectance by removing atmospheric effects from satellite images.
Atmospheric correction was arguably the most important part of the pre-processing of
satellite remotely sensed data because any omission could have produced erroneous results.
2.2.4. Image Classification
Image classification is performed to identify and assign real world thematic classes
to the image pixels [33]. In this study, image classification was done in two (2) stages,
supervised and unsupervised classification.
Unsupervised Classification
In the unsupervised classification method, the computer software categorized the pix-
els into common land use using their spectral characteristics without any training data [33].
In this work, the isodata unsupervised classification algorithm in ERDAS Imagine 2010
was used to classify each clipped image (output from the clip operation) into 30–40 classes.
The classes were merged together based on the spectral similarity to form 8–10 classes. The
community and road shape files were overlaid on the outputs to check the distribution of
these classes across the communities and for easy navigation for field data collection. A
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map was produced from the 2014 classified image together with the community and road
shape files. This was used as preliminary map for field data collection.
Field Data Collection
The field data collection was undertaken to first familiarize ourselves with the nature
of land use within the study area, and also pick points as training datasets for supervised
image classification. The points were also used to perform accuracy assessment of the
classified images to assess their level of correctness. A stratified clustered representative
sampling technique was adopted for the field data collection, where points were collected
based on the dominance of the various classes. That is, the higher the coverage, the more
points are collected. One hundred points were collected from the field. The data collected
from the field included the coordinates of the points using a Global Positioning System
(GPS) receiver, the land use description at that point and the adjoining land use. For
inaccessible areas, Google Earth software was employed to extricate points. All the data
were entered on a field sheet and later transferred into a Microsoft Excel sheet. The field
data were grouped according to the land use types identified. In all, five land use types
were identified, namely, open forest, closed forest, grassland, crop land and settlement/bare
ground. Table 3 describes the land use types identified.
Table 3. Land use and cover classification scheme.
Land use Description
Closed forest Areas with timber species and broadleaf hardwoods
Open forest Areas with broadleaf hardwoods
Crop land Perennial crops such as oil palm and annuals such as maize
Grassland Areas with shrubs, grasses and some cases, a few trees
Settlement/bare ground Building, cleared areas and rocky surfaces
Supervised Classification
In the supervised classification, the image analyst “supervises” the pixel categorization
process by specifying, to the computer algorithm, numerical descriptors of the various
land cover types present in a scene [33]. The classification was done in ERDAS Imagine
2010. The polygon tool was used in training the pixels (signatures). This was made easier
based on the knowledge of the study area gained from the field visit as well as images
from the Google Earth software. During the training of pixels, each class (land use) had
subclasses. The purpose of the subclasses was to reduce the margin of error. After training
the pixels, the maximum likelihood algorithm was used in running the classification. The
maximum likelihood (ML) classifier considers not only the cluster center but also its shape,
size and orientation and this is achieved by calculating a statistical distance based on the
mean values and covariance matrix of the clusters [33]. After the classification, the outputs
were displayed in ArcGis 10.3. The subclasses were merged together using the reclass
tool in ArcGis 10.3. This operation is called reclassification. The reclassified maps were
then filtered to remove the “salt-and-pepper appearance” and enhance the cartographic
presentation after the image classification. This was done using the “majority filter” tool in
ArcGis 10.3. The outputs from the filtering operation became the final land use maps. The
final maps included the land use, community and road network.
2.2.5. Change Detection
According to Singh [34], detailed remote sensing data processed in a timely fashion can
be vital in change detection tasks to check the differences in land cover changes at different
times. Lu et al. [35] report that there are several change detection methods available and
each method has differences based on the type of change to be detected, the type of imagery
and the final purpose of the change image. However, the change method that was used
in this study was the “postclassification comparison” [36–39]. This method allows the
determination of the difference between independently classified images from each of
Forests 2021, 12, 278 8 of 24
the years in question and it is the only approach in which “from” and “to” classes can be
evaluated for each changed pixel. This technique provides the benefit of permitting the
design and the update of GIS databases, as categories or classes are given, and quantitative
estimations of each class can be ascertained [40].
2.2.6. Validation
Validation, also called accuracy assessment, is a critical step in the use and distribution
of the results of analyses of remotely sensed data [41]. In this work, the source of informa-
tion employed to evaluate the precision of the categorization were from the field data. The
accuracy assessment was performed on the final land use map. Confusion matrix analysis
was used. This employs correctness evaluation methods to derive statistical products,
which may be employed to examine the standard of the categorization answers. The matrix
compares on category-by-category emerging from the field data and the categorization an-
swers. The overall accuracy as well as the kappa statistic was also computed. The accuracy
assessment was performed on the 2014 land use map since it was the most recent map.
2.2.7. Participatory Methods
Primary data was administered through personal interview surveys with closed-ended
and open-ended questions to heads of different households, or other representatives of the
family who were accustomed with the use of the forest resources or products. Primary
data focused on the respondents’ perception of climate variability and the perceived
causes, their main livelihood activities and the perceived factors driving LULC changes
in the communities. For each community, a total of 100 questionnaire were randomly
administered. The questionnaires were administered in their homes or any convenient
place in the catchment area. In total, we selected 400 respondents for the study. The
interviews were conducted in an appropriate local language (Asante Twi) and we ensured
confidentiality of response. The respondents agreed to taking part in the interviews. There
was no pressure on them to participate. Additionally, it was explained to them that, they
could pull out of the study at any stage they desired. The questionnaires were administered
from January to June 2017.
A focus group discussion (FGD) was carried out in each community to collect in-
formation on services provided by the ecosystem and vulnerability of local communities
to climate change effects. Focus groups participants were selected based on the need to
incorporate dissimilar socioeconomic groups and also people who demonstrated substan-
tial comprehension of the climatic modifications and a comprehensive agro-ecological
understanding of the communities. For the purpose of this study, an average number of
10 participants were used for the FGD and consisted of equal number of men and women
so as to generate gender-specific information. Focus group participants included farm-
ers, traditional authorities, men, women, youth, assembly members and unit committee
members. Each of the focus group discussion lasted for about an hour.
Respondents who displayed substantial comprehension of the climatic modifications
around them from the focus group discussions and administration of the questionnaires
were chosen for in-depth interviews. These were some rural farmers, traditional leaders
and the leaders involved in community decision making. An average number of five
(5) participants from each community were used for the key informant interviews. The
interviews lasted for about 45 minutes. The discussions from the FGD and key informant
interviews were taped and later transcribed with the agreement of the participants.
We used Microsoft Excel version 2013 and IBM Statistical Package for Social Sciences
(SPSS) version 21 to analyze the data. We used descriptive statistics comprising means, fre-
quencies and percentages to evaluate data obtained from the household surveys. Reflexive
thematic analysis was also used to examine qualitative data gathered from focus group
discussions and key informant interviews following analytic strategies as suggested by
Braun and Clarke [42].
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3. Results
3.1. Sociodemographic Characteristics of the Respondents
The male population constituted 143 individuals (35.8%) whilst females constituted
the larger portion of the study with 257 (64.2%). With regards to age, 217 respondents
(54.3%) were within the age category of 21–40 years (Appendix A, Table A1) and the male
population within this age category constituted 64.3% whilst the females formed 48.6%.
Regarding education, only 57 of the respondents (14.3%) had no formal education. The
majority of the respondents (n = 264; 66.0%) had attained basic form of education. Very few
of the respondents (n = 36; 9.0%) had tertiary education. Regarding length of experience
acquired in farming, 156 respondents (39.0%) had 6–10 years of experience in farming.
Nevertheless, 110 respondents (27.5%) had 11–20 years of farming experience. A few of the
respondents (n = 53; 13.3%) had farmed for less than five years (Appendix A, Table A1).
3.2. Main Livelihood Activities of the Communities
Among the livelihood activities, crop production dominated most with 198 (49.5%)
respondents. This was followed by non-timber forest products (NTFPs) where 97 (24.3%) of
the respondents were involved. The respondents involved in petty trading (for examples:
food vending and sale of groceries) constituted the least (4.5%) as indicated in Table 4. It
was observed that the males (59.4%) were more involved in crop production whilst the
females (30.7%) were more engaged in NTFPs and charcoal making (9.8%) (Table 4).
Table 4. Main livelihood activities of the study communities.
Livelihood Activity
Gender
Total (n = 400)
Males (n = 143) Females (n = 257)
Crop production 85 (59.4) 113 (44.0) 198 (49.5)
Livestock rearing 24 (16.8) 33 (12.8) 57 (14.2)
Non-timber forest products 18 (12.6) 79 (30.7) 97 (24.3)
Charcoal production 5 (3.5) 25 (9.8) 30 (7.5)
Petty trading 11 (7.7) 7 (2.7) 18 (4.5)
Numbers in parentheses are percentages and numbers without parentheses are respondent counts.
3.3. Perception of the Respondents on Rainfall and Temperature Changes
Although most of the local people in the communities did not understand the science
of climate variability, nevertheless, they had knowledge on the impacts of increasing tem-
perature and rainfall variability. The perception of the rural communities on precipitation
and temperature trends is shown in Table 5. A sizeable number of the respondents had
knowledge of climate variability issues. For the purpose of this study, climatic changes
were limited to alterations of precipitation and temperature pattern that have marked the
study area for the past years. In terms of rainfall, 290 of the respondents (72.5%) perceived
that there were changes in the onset of rainfall. Some of the respondents (27.5%) perceived
no changes in the onset of rainfall. One hundred and two respondents (25.5%) perceived
rainfall to be increasing. The majority of the respondents, 74.5%, perceived rainfall to be
decreasing. With regard to temperature, the majority of the respondents (91.5%) perceived
that temperature kept on increasing with only a few of the respondents (8.5%) perceiving
temperature to be decreasing.
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Table 5. Perception of respondents on rainfall and temperature changes.
Variables
Gender
Total (n = 400)
Males (n = 143) Females (n = 257)
(a) Rainfall
Changes in onset 111 (77.6) 179 (69.6) 290 (72.5)
No changes in onset 32 (22.4) 78 (30.4) 110 (27.5)
Increasing rainfall 44 (30.8) 58 (22.6) 102 (25.5)
Decreasing rainfall 99 (69.2) 199 (77.4) 298(74.5)
(b) Temperature
Increasing temperature 129 (90.2) 237 (92.2) 366 (91.5)
Decreasing temperature 14 (9.8) 20 (7.8) 34 (8.5)
Numbers in parentheses are percentages and numbers without parentheses are respondent counts.
Regarding the causes of climate variability, 349 (87.3%) of the respondents perceived
that anthropogenic activities (for example, overlogging and bush fires) were the main
causes of the changing climate. Twenty-four (6.0%) attributed the phenomenon to natural
occurrence, while 17 (4.3%) and 10 (2.5%) of the respondents said the cause of changing
climate is a punishment by God and signs of the end of time respectively. The order of
the causes of climate variability did not differ significantly by gender as both males and
females perceived overlogging and signs of the end of time as the greatest and least causes
of climate variability respectively (Table 6).
Table 6. The respondents’ perception of the causes of climate variability.









Overlogging 75 (52.4) 182 (70.8) 257 (64.3)
Bush fires 50 (35.0) 42 (16.3) 92 (23.0)
Punishment by God 5 (3.5) 12 (4.7) 17 (4.3)
Natural occurrence 10 (7.0) 14 (5.5) 24 (6.0)
Sign of the end of the world 3 (2.1) 7 (2.7) 10 (2.5)
Numbers in parentheses are percentages and numbers without parentheses are respondent counts.
3.4. Extent of Rainfall and Temperature Changes in the Bobiri Forest Reserve, Ghana
Results showed that annual rainfall patterns in the study area have been variable
from 1960 to 2016, with the highest mean annual rainfall (2343.7 mm) recorded in the year
1968 and the lowest (891 mm) recorded in the year 1982 (Figure 2). The negative values
of Sen’s slope and Kendall’s tau indicated a decrease in annual rainfall in the study area
over the period of the study (1960–2016), although the trend was not statistically significant
(p > 0.05). The study area experienced a rainfall variability of about 20%.
Figure 3 presents the extent of temperature changes within the study area for the
period 1960–2016. The Mann–Kendall test indicated significant increase in temperature
over time (p < 0.05) during the study period. Kendall’s tau and Sen’s slope also confirmed
an increase in annual temperature over the study period. The study area experienced a
temperature variability of about 2%.
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Figure 2. Mean annual rainfall pattern in study area, 1960–2016. Source: Data obtained from Council
for Scientific and Industrial Research.
Figure 3. Mean annual temperature of study area, 1960–2016. Source: Data obtained from Council
for Scientific and Industrial Research.
3.5. Description of Landsat Images from 1986, 2003, 2010 and 2014
Settlement/bare ground in 1986 occupied the smallest class, and farming activities
were limited since crop land occupied 1.2% of the total classes. The northeastern part of
the reserve and surrounding communities were mostly made up of closed forest. However,
the southeastern part was made up basically of grassland. Open forest recorded the second
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highest composition, occupying 31.2% of the total land size of the reserve, as seen in the
Figure 4.
Figure 4. Landsat image of Bobiri forest reserve in 1986.
Figure 5 shows the Landsat image for 2003. Grassland increased to 29.4% with a
massive reduction in the closed forest cover to 33.3%. The northeastern part of the reserve
was gradually turned into open forest. The northern part was still made up of closed forest.
Although crop land shot up marginally, farming was still practiced on a small scale by
indigenes of the rural communities.
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Figure 5. Landsat image of Bobiri forest reserve in 2003.
Figure 6 shows the Landsat image for 2010. Crop land recorded the lowest fraction
of 2.3%. The southern part constituted the highest portion of grassland. Settlement/bare
ground rapidly continued to increase with time to reach 2.6% in 2010.
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Figure 6. Landsat image of Bobiri forest reserve in 2010.
Figure 7 shows the Landsat image for 2014. Settlement/bare ground gradually shot up
to 3.6%. Crop land also increased marginally by 0.3%. But there was a massive reduction
of the closed forest to 14.4%, and grassland continued to increase.
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Figure 7. Landsat image of Bobiri forest reserve in 2014.
3.6. LULC Changes 1986–2014
Comparison of the LULC changes between 1986 and 2003 showed an increase in open
forest and a drastic increase in grassland with a change of 3.6% and 12.4% respectively. The
closed forest cover however decreased dramatically by 16.6%. Settlement/bare ground
and crop land went up by 0.4% and 0.2% respectively, as shown in Table 7. From 2003 to
2010, the results show that grassland still increased by a percentage of 11.1%.
Open forest also increased marginally by 2.0%. However, closed forest decreased by
15.6% but settlement/bare ground and crop land increased marginally by 1.5% and 0.9%
respectively. Considering 2010–2014, grassland, settlement/bare ground and crop land
still increased by a percentage of 2.1%, 1.0% and 0.3% respectively. However, closed forest
decreased by 3.3%, while open forest did not change significantly, with a 0.02% increase
over the period of consideration.
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Table 7. Land use and land cover (LULC) change in the Bobiri forest reserve from 1986 to 2014.
LULC Area (ha)
1986–2003 2003–2010 2010–2014
Closed forest −6168.06 (−16.6) decrease −5772.42 (−15.6) decrease −1260 (−3.3) decrease
Open forest 1343.4 (3.6) increase 764 (2.0) increase 1.71 (0.02) increase
Grassland 4604 (12.4) increase 4106.8 (11.1) increase 777.4 (2.1) increase
Settlement/ bare ground 147.6 (0.4) increase 561.9 (1.5) increase 381.6 (1.0) increase
Crop land 73 (0.2) increase 339.6 (0.9) increase 105.3 (0.3) increase
Numbers in parentheses are percentages and those not in parentheses are the area (ha) values.
3.7. Land Use and Distribution Cover
Table 8 presents the land use and the distribution cover for the study years as ob-
tained from the maps. Closed forest recorded the highest percentage of 49.9% whilst
settlement/bare ground recorded the least (0.7%) in 1986. In 2003, open forest recorded the
highest percentage of 34.8%, whilst settlement/bare ground recorded the lowest of 1.1%.
Grassland recorded the highest percentage of 40.5% whilst crop land recorded the least
(2.3%) in 2010. In 2010, grassland recorded the highest percentage of 42.6% whilst crop
land recorded the least of 2.6%.
Table 8. Land use and distribution cover of Bobiri forest reserve for 1986, 2003, 2010 and 2014.
Land Use or Land Cover
Categories
Years
1986 2003 2010 2014
Area (ha) Area (ha) Area (ha) Area (ha)
Closed forest 18531.7 (49.9) 12363.7 (33.3) 6591.2 (17.7) 5331.2 (14.4)
Open forest 11571.7 (31.2) 12915.1 (34.8) 13679.1 (36.8) 13675 (36.8)
Grassland 6331.9 (17.0) 10935.9 (29.4) 15042.7 (40.5) 15820.1 (42.6)
Settlement/bare ground 255.8 (0.7) 403.4 (1.1) 965.3 (2.6) 1346.9 (3.6)










Figures in parentheses indicate percentages and figures not in parentheses are area (ha) values.
3.8. Accuracy Assessment
The users’ accuracy for closed forest was 93.3% as against the producers’ accuracy of
100.0% (Table 9). This was followed by open forest which had users’ accuracy of 80.0%
as against its producers’ accuracy of 88.9%. On the other hand, grassland had producers’
accuracy of 74.2% while the users’ accuracy was 76.7%. A similar trend could be said of
crop land which had users’ accuracy of 80.0% as against the producers’ accuracy of 61.5%.
The overall kappa statistic was 0.770. Kappa statistics measure the agreement between the
classified image and the reference data or training samples. The highest possible value is 1.
Since the overall kappa index and the individual indices were close to 1, it means there
was a high correlation between the classified image and the reference data.
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Closed forest 14 15 14 100.0 93.3 0.9225
Open forest 27 30 24 88.9 80.0 0.7260
Grassland 31 30 23 74.2 76.7 0.6618
Settlement/bare ground 14 15 12 85.7 80.0 0.7674
Crop land 13 10 8 61.5 80.0 0.7701
Totals 99 100 81
Overall classification accuracy = 82.0% Overall kappa statistics = 0.770
3.9. Perceived Factors Driving LULC Changes in the Bobiri Forest Reserve
The study also sought to determine the perceived factors driving land cover changes
in the Bobiri forest reserve. Descriptive statistics of the results are summarized in Table 10.
Almost half of the respondents (n = 193; 48.3%) reported logging as the key factor driving
LULC changes in the forest reserve. This was followed by population growth (n = 89;
22.3%). Just a few of the respondents (n = 7; 1.8%) reported infrastructural development as
a factor driving LULC changes in the forest reserve.
Table 10. Perceived drivers of land cover changes in the Bobiri forest reserve, Ghana.









Logging 88 (61.5) 105 (40.9) 193 (48.3)
Overgrazing 5 (3.5) 32 (12.5) 37 (9.3)
Urbanization 2 (1.4) 13 (5.1) 15 (3.8)
Deforestation 15 (10.5) 44 (17.1) 59 (14.8)
Infrastructural development 1 (0.7) 6 (2.3) 7 (1.8)
Population growth 32 (22.4) 57 (22.2) 89 (22.3)
Numbers in parentheses are percentages and numbers without parentheses are respondent counts.
Furthermore, focus group discussion results showed that households within the fringe
communities of the forest reserve were of the view that illegal farming, which was not
captured in the household survey questions, as well as logging were the two significant
factors driving land use changes. Similarly, they pointed out that urbanization through
settlement was driving the land use or cover changes. These were consistent with the results
obtained from the household survey. Some of the focus group participants reported these:
“Most of the indigenes cut down trees for the production of charcoal and firewood, and
also the trees provide us with construction materials which we sell to generate income for
ourselves and families, and I think it could be a crucial factor for LULC changes.” (Focus
group participant, Kubease, April, 2017).
“Some of the farmers engage in shifting cultivation and the moment the new forested
lands they are cultivating on get engulfed by weeds, then they move to clear more forests
which in my opinion could be a cause of LULC.” (Focus group participant, Konfradae,
May, 2017).
“Because our population is higher now as compared to the past, people have moved to
settle here and as a result have cut down trees and have built houses on the land and
in my opinion this could be a driving factor of LULC.” (Focus group participant,
Dwabenymma, May, 2017).
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Results from key informant interviews also suggested that reduced rainfall amounts to-
gether with increasing temperatures in the study area could be implicated in the increasing
conversion of undisturbed forest into grassland and other land cover types.
“In my opinion, I think the decreased amounts of rainfall and the increasing temperatures
have caused some of the trees to die and this could be the reason for the conversion of the
closed forest to other land cover types such as grassland.” (Key informant, Krofofrom,
April, 2017).
“Because the rains are inconsistent as in the past where there were increased amounts of
rainfall, most of the plants are getting destroyed because of the increasing temperatures
and this in my opinion could be the major reason for the conversion of the undisturbed for-
est into grassland and other land cover types.” (Key informant, Kubease, April, 2017).
“The heat we experience these days does not favour the growth of many of the trees
in the forest reserve. For instance, the drought we experienced in this country from
1981–1983 caused numerous trees to die because of the absence of the rains for almost
two years. Personally, I believe that is the reason for the decrease in the closed forest.”
(Key informant, Dwabenymma, April, 2017).
4. Discussion
4.1. Perception of Fringe Communities on Rainfall and Temperature Changes
Most of the respondents reported that there is delay of the start of the rainfall period
compared to previously. In addition, the majority of the respondents perceived an increas-
ing temperature coupled with an increasing rainfall variability in the study communities.
The findings are similar to that of Antwi-Agyei et al. [43] and Owusu and Waylen [44],
suggesting that farming households in Ghana perceived increased temperature patterns,
erratic rainfall and delay in the onset of the rains. The respondents’ perception on increased
temperature and erratic rainfall was consistent with the temperature and rainfall data
analyzed (Figures 2 and 3).
Moreover, a vast majority of the respondents perceived overlogging as the major
cause of climate variability in the communities. Some respondents also perceived other
causes, such as bushfires, natural occurrences, punishment by God and sign of the end
of the world. These findings are in line with that of Codjoe et al. [45], who reported that
the majority of the respondents in six districts in Ghana perceived the causes of climate
change as deforestation, indiscriminate setting of fire to bushes before farming, God’s plan
to signify the end of time, farming activities and illegal mining.
Furthermore, the communities depend on crop production, livestock rearing, forest
resources, fuel wood and NTFPs as their sources of livelihoods. Most of the respondents
reported that the quantity of NTFPs such as mushrooms and snails which served as food
for them have all reduced as a result of the changing climate. Most of the respondents also
admitted that rainfall variability and the delays in its onset have affected the productivity of
their crops through diminishing crop yields and reduced production. This poses threats to
food security and livelihoods in the communities. This finding was confirmed by Boon and
Ahenkan [46] who reported that, in some selected communities surrounding the Sui forest
reserve in Sefwi Wiawso district, Ghana, rainfall variability and delayed rainfall onset
had direct impacts on the livelihoods of the indigenous communities. Given that climate
variability is impacting the households in the fringe communities surrounding Bobiri forest
reserve, this suggests low levels of preparedness among the fringe communities for future
climate related hazards. Thus, a rise in temperature, rainfall variability and lengthened dry
spell conditions are anticipated to stretch Bobiri forest reserve and its fringe communities.
This could add extra burden on weak institutional capacity, extreme poverty, infections and
poverty-stricken infrastructure as predicted by Antwi-Agyei [47]. Enhancing the adaptive
capacity of the fringe communities is vital in order to reduce their vulnerabilities to the
consequences of climate variability.
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4.2. Extent of Rainfall and Temperature Changes in the Study Communities
Climate data analysis showed a noticeable increase in temperature and a correspond-
ing erratic change in rainfall. This result compares favorably with that of the United
Nations Development Programme (UNDP) [48], suggesting that climate change is man-
ifested in Ghana through rising temperatures and increasing variability of rainfall. The
lowest annual mean rainfall recorded in the year 1982 explains the reason for severe famine
in the whole country from 1982 to 1983 [49]. This information therefore shows excessive
vulnerability amongst forest-fringe communities in Ghana. Climate variability is antici-
pated to disproportionately affect forest-fringe communities by further exacerbating the
risks that these communities encounter [12]. Other studies have also shown that even
moderate increases in temperatures will have undesirable impacts on forest resources in
Ghana [12,46,50].
4.3. Extent of LULC Changes in the Bobiri Forest Reserve over the Study Period
The classified map of 1986, 2003, 2010 and 2014 shows that the closed forest has
been depleted over the years (1986–2014). On the other hand, there was an appreciable
increase in grassland and a marginal increase in open forest, settlements and crop lands.
These findings are similar to those of Antwi-Agyei et al. [14], who observed significant
conversion of crop lands to grasslands in other parts of Ghana. Tekle and Hedlund [51]
reported increases in the size of settlements at the expense of the forests in the Kalu district
of Ethiopia. Mark and Kudakwashe [52] noticed a decrease in forest and a crop land
increase in a study conducted in Shurugwi district in the Midlands province of Zimbabwe.
The transformation of vital parts of the closed-canopy forest into open-canopy and non-
forest land cover in the forest reserve might be as a result of several factors including
decrease or insufficiency in the conservation level of the forests and the rapid changes in
socioeconomic, demographic and institutional changes [18,53,54].
The transformation of forest covers into other land cover classes has a great impact on
the environment. Trees serve as carbon sinks and therefore clearing of trees means reducing
the carbon sinks. In the course of the last few hundred years, deforestation and other land
use changes in numerous nations have contributed significantly to climatic carbon dioxide
increments [55]. Most of the carbon dioxide emission from burning of wood to serve as fuel
for heating and cooking purposes are presently happening in the tropics. LULC changes
are accountable for fifteen to twenty percent of present CO2 emissions, which thus elevates
the earth’s surface average global temperature thereby causing global warming [56]. This
poses a serious threat to biodiversity thereby affecting natural habitats and also causing
the erratic changes in rainfall resulting in floods and droughts [57,58].
4.4. Perceived Factors Driving LULC Changes in the Bobiri Forest Reserve, Ghana
The respondents perceived the key factors driving LULC changes in the reserve as
logging, population growth, deforestation, overgrazing, urbanization and infrastructural
development. These findings are consistent with other studies in Ghana (including Antwi-
Agyei et al. [14], Addo-Fordjour and Ankomah [18], Kleemann et al. [59], Appiah et al. [60],
Attua and Fisher [61]). Logging is a crucial anthropogenic act which substantially promotes
the loss of forest cover in Ghana [18,62]. Asamoah et al. [63] reported that the impacts of
chainsaw logging activity on biodiversity and forest cover can be exceptionally destructive
compared to conventional logging. For this reason, in 1998, chainsaw logging was pro-
hibited in Ghana as a means of safeguarding the forests [64]. Chainsaw logging, which
is an illegal activity reported by the respondents, questions the efficacy of the forestry
commission and the fringe communities.
The rise in population also has crucial effects for the transformation of forest covers
to other land cover classes [65,66] particularly in SSA [67]. This is because, as the popula-
tion increases, the requirement for agricultural land and fuel wood also increases [68,69].
Another factor perceived by the respondents was deforestation. Farmland expansion is
predominantly seen as the principal cause making up 60% of overall tropical deforestation
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activities [70]. Slash and burn agriculture was also reported as a vital agent of deforesta-
tion [70]. In Ghana, the majority of forest lands have been cleared for timber exploitation
and cocoa cultivation to increase the economic sufficiency of the country [12]. This poses
serious implications for the social and biotic integrity of the country’s forests [12].
Overgrazing was also identified by most of the respondents as a factor. Peeling bark
on trees in order to supply forage or food for livestock could as well be a challenge in
forested areas but it is not the crucial driver of tree felling. Overgrazing is exacerbated by
the sociological phenomena referred to as the “tragedy of the commons” [71]. The rural
people dispense forestlands yet rear livestock for themselves and try to enhance them by
rearing as many as they can. Thus, this results in more livestock than the land can actually
bear. The animals get rid of the vegetation and the winds complete the task by gusting
away the top soil which could eventually transform grasslands into bare ground.
Some of the respondents also identified urbanization and infrastructural development
as the cause of the LULC change in the study area. Developing villages and towns around
the forest reserve need land to set up the infrastructure essential to sustain the increasing
population and this is normally done by clear-cutting [72–74]. The construction of roads
unfastens up the land to development and brings many individuals to the forest frontier.
These settlers usually establish a colony in the forest by utilizing new roads or logging
trails to access the forest for subsistence land. The growth of infrastructural projects is of
global worry due to the fact that tropical forest clearing accounts for 20% of anthropogenic
carbon emissions by eliminating globally important carbon sinks [75].
4.5. Perceived Role of Climate Variability in Driving Land Cover Changes in Bobiri Forest Reserve
Key informants and other respondents were of the view that reduced rainfall amounts
and increasing temperatures could also be implicated in the increasing conversion of
undisturbed forest into grassland and other land cover types in the forest reserve. This
result is supported by Alkama and Cescatti [76] and Dale et al. [77] suggesting that, the
main ways that changes in climate can alter LULC changes are due to variable rainfall
patterns, increasingly incessant and severe weather events as well as higher mean yearly
temperatures. This is because, the regions of numerous species of plant rely to a great extent
upon rainfall patterns and temperature. Therefore, as climate influences these patterns,
numerous kinds of vegetation and trees are compelled to move to higher elevations and
scopes [78]. While higher unevenness in patterns of rainfall can reduce plant development
generally, temperature rises can lengthen the growing season, potentially making way for
more than one cropping cycle during the same season [79].
In addition, there is increased tree mortality worldwide as a result of droughts and
heat in the forests [6]. The key informants confirmed this by reporting that most of the trees
in Bobiri forest reserve died during the 1981–1983 drought in Ghana and they perceived
this as one of many causes of land cover changes in the forest reserve.
Moreover, variability in precipitation and temperature could as well enhance the
risk of outbreaks of insect infestation, harmful to other plants and the forests [80]. Severe
weather events could also give rise to vital amounts of destruction to vegetation and other
trees from flooding, storm surges, and high winds [81]. Storms and floods can also change
the flows of water thereby damaging the general well-being of the forest [82].
5. Conclusions and Recommendations
This study investigated the extent to which climate variability drives livelihoods and
land cover changes of fringe communities of Bobiri forest reserve, Ghana. Findings showed
that there has been a significant conversion of the closed forest to open forest and non-forest
land cover types over the 28-year period (1986–2014), with an overall kappa statistic of
0.770. These changes have predominantly been driven by logging, population growth,
deforestation, overgrazing, urbanization and infrastructural development. Trend analysis
of rainfall and temperature data suggested an erratic rainfall and an increasing temperature
in the fringe communities, which were consistent with the perception of the respondents.
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Key informant interviews indicated that increased land cover changes in the Bobiri forest
reserve could partly be attributed to erratic rainfall patterns, increasing temperatures and
other severe weather events.
Based on the findings, the study recommends the need for sustainable management
of the forest reserve and this calls for the termination of illegal acts including chainsaw
logging and also administering tough penalties for the culprits involved in this illegal
activity. The rural communities ought to be encouraged to participate in environmental
decisions since it is vital to improve their livelihoods and ecosystem management services.
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Below 20 8 (5.6) 20 (7.8) 28 (7.0)
21–40 92 (64.3) 125 (48.6) 217 (54.3)
41–60 20 (14.0) 68 (26.5) 88 (22.0)
>60 23 (16.1) 44 (17.1) 67 (16.8)
Education
No formal education 32 (22.4) 25 (9.7) 57 (14.3)
Basic 61 (42.6) 203 (79.0) 264 (66.0)
Secondary 28 (19.6) 15 (5.8) 43 (10.7)
Tertiary 22 (15.4) 14 (5.5) 36 (9.0)
Household size
1 to 5 Individuals 101 (70.6) 125 (48.6) 226 (56.5)
6 to 10 Individuals 38 (26.6) 100 (38.9) 138 (34.5)
11 to 15 Individuals 4 (2.8) 32 (12.5) 36 (9.0)
Length of farming experience (in years)
<5 15 (10.5) 38 (14.8) 53 (13.3)
6–10 67 (46.9) 89 (34.6) 156 (39.0)
11–20 33 (23.1) 77 (30.0) 110 (27.5)
>20 28 (19.5) 53 (20.6) 81 (20.3)
Numbers in parentheses are percentages and numbers without parentheses indicate respondent counts.
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